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Structural monitoring of deformations of bridges is critical for sustainable infrastructure management and disaster risk
reduction, particularly in rapidly urbanizing or geologically sensitive regions. This paper proposes a review of the current
framework that integrates Interferometric Synthetic Aperture Radar (InSAR) with Digital Twin technology to map and
monitor bridge deformations with millimeter-level accuracy. InSAR provides wide-area, long-term ground and
infrastructure displacement data, while Building Information Modeling (BIM)-based Digital Twins offer detailed 3D
semantic representations of bridge components. By fusing point clouds from satellite images with BIM elements using
machine learning and dimensionality reduction techniques, as demonstrated in recent urban monitoring projects, the
framework enables 3D space and time visualization of deformation patterns linked to specific structural components. This
integration facilitates the early detection of anomalous movements resulting from subsidence, mining activity,
groundwater extraction, or tectonic stresses. The approach supports proactive disaster risk management by enabling
authorities to prioritize maintenance, inform spatial planning, and issue early warnings before critical failures occur. The
reviewed framework not only shows how to improves infrastructure resilience but also aligns global goals for safer,
smarter cities through data decision-making. Finally, this research tries to establish future developments, including real-
time data assimilation, citizen science integration, and predictive analytics to further strengthen disaster preparedness and
response. This synergy between remote sensing and Digital Twin technologies represents a scalable, cost-effective
solution for bridge safety monitoring of deformations and long-term risk mitigation in the face of growing environmental
pressure.
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